Background:This experimental study compared the hemostatic effects of calcium alginate and Ankaferd Blood Stopper in hepatic parenchymal bleedings.
Introduction
Liver injuries are of special interest among overall body injuries owing both the incidence and high morbidity and mortality rates. Mortality rate of liver injuries remains high. This rate is increased as the degree of injury is increased or in the presence of additional organ injury (1) .
Liver is also the metastasis organ for many tumours. Resection of this metastatic region provides substantial contribution to the survival in many of the malignancies, and in the light of these data, liver resection is being increasingly performed. Bleeding control is the primary problem that the surgeon faces with in such cases or in liver resections performed for any reason (2) .
The liver has a very extensive vascular network. This vascularization exists with sinusoidal formation that does not contain smooth muscle fi bres, which would provide vasoconstriction. Therefore, uncontrollable severe bleedings occur when tissue integration is impaired in any way (3) .
Many methods have been tried to stop hepatic parenchymal bleeding. One of these methods is the use of topical hemostatic agents. For this purpose, studies have been performed with oxidized cellulose compounds, gelatin sponge with or without thrombin, microfi ber collagens, and fi brin glue (3) . Ca 2+ Alginate cover (Sorbalgon, Hartmann) is a topical hemostatic agent, which acts by releasing Ca ion and provides clotting. Alginate consists of α-L-glucuronic acid and P-D-mannuronic acid monomers, which are derived from algae. Alginate fi bres have been largely used in the recent times in manufacturing wound cover. The fact that this material shows hemostatic effi cacy by releasing Ca ion has been demonstrated in the in vitro studies performed using whole blood samples (4) .
Ankaferd Blood Stopper (ABS) is a phytogenic topical hemostatic agent that has become clinically available in the recent years. It provides hemostasis independent from blood coagulation factors enabling focal erythrocyte aggregation with encapsulated protein network (5) . The components of the extract have specifi c effects on endothelium, blood cells, angiogenesis, cellular reproduction, vascular dynamics, and intercellular interaction. ABS shows effi cacy on both fi brinogen and agglutinating proteins. Blood cells and blood proteins help ABS to provide network confi guration in the bleeding area. The number of studies on the clinical and experimental use of ABS in the abdomen and in hepatic surgery is limited. ABS is composed of standardized mixture of Thymus vulgaris, Glycyrrhizaglabra, Vitisvinifera, Alpiniaoffi cinarumandUrticadioica plants. All of these plants are individually effective on the endothelium, blood cells, angiogenesis, cellular reproduction, vascular dynamics and mediators (6, 7) .
The aim of this experimental study was to compare the hemostatic effect of Ca 2+ Alginate and Ankaferd Blood Stopper on hepatic parenchymal injury created in rat liver.
Material and method
T his study was carried out at Ankara Training and Research Hospital, Experimental Animals Laboratory. The study started after the approval of Ankara Training and Research Hospital Ethics Committee. Thirty male Wistar albino rats at the age of 10 months and with a mean weight of 250 ±30 grams were used.
Each of the experimental animals was famished the night before the surgery. For anesthesia, the rats inhaled ether for 45-60 seconds in a jar containing ether and then the anesthesia was maintained with 75 mg/kg subcutaneous Ketamine injection.
Preoperative hematocrit vale was measured using the blood sample taken from the tail into a capillary tube. Antisepsis of the abdominal mid-line, where the incision would be performed, was provided with povidone iodine. The peritoneal space was accessed through a 3 cm vertical midline incision beginning from the inferior aspect of the xiphoid.
Before creating hepatic bleeding model, a translucent cylindrical plastic box was placed under the left liver lobe and all surgical procedure was performed on a 45° oblique platform. In this way, overall bleeding that occurred during the procedure could be totally collected in the box. Since the left liver lobe is close to the midline in the rats, it is easy to reach through a midline incision. Therefore, bleeding model was created in the left lobe.
Left liver lobe was accessed through the midline incision. Three incisions with 10 mm length and 1-2 mm depth were made with No.12 scalpel on the diaphragmatic surface of the lobe. A distance of 4-5 mm was left between each incision.
Experimental animals were divided into three groups:
In the fi rst group (control group, n=10), the laceration model was covered with a gauze impregnated 0.9% NaCl solution, which was left for 10 minutes without compressing to stop bleeding. The gauze was removed out of the abdomen at the end of 10 minutes.
In the second group (study group, n=10), the 2x2 cm Ca 2+ Alginate cover (Sorbalgon, Hartmann) was placed on the laceration model. The cover was put on the laceration region without applying mechanical compression and left there.
In the third group (study group, n=10), the 2x2 cm ABS cover was placed on the laceration model for 10 minutes without compression. ABS cover was removed out of the abdomen at the end of 10 minutes.
In all of the groups, there was a waiting time of 10 minutes following the procedure without any intervention. At the end of this period, the blood collected in the box was transferred into the scaled injector and the amount of peroperative bleeding was measured in millimetres. Abdominal midline incision was closed by continuous suturing technique as single-layer using 3/0 propylene suture material.
Again, blood sample was taken from the tails of the rats into the capillary tubes 24 hours after the surgical procedure, and postoperative hematocrit value was measured.
For histopathological examination, samples were taken from the rats of the study groups 7 days after the surgical procedure under general anesthesia.
Results
Data were analyzed by SPSS for Windows 11.5 package program. Whether the distribution of continuous variables was close to the normal was assessed by the Kolmogorov Smirnov test; whereas the homogeneity of variances was assessed by the Levene test. Descriptive statistics were represented as the mean± standard deviation or median (minimum -maximum) for continuous variables.
The signifi cance of the difference between the groups was analyzed by the one-way analysis of variance (One-Way ANO-VA) for the mean values and by the Kruskal-Wallis test for the median values. The results of the one-way analysis of variance and the Kruskal-Wallis test were signifi cant, post hoc Tukey HSD or Conover's nonparametric multiple comparison tests were used to identify the conditions that caused the difference. Whether there was a difference between pre-operative and postoperative hematocrit values within the groups was analyzed by the dependent t-test.
The results were considered statistically signifi cant for the p <0.05.
There was no statistically signifi cant difference between the groups in terms of mean preoperative hematocrit values (p=0.430) (Fig. 1) .
As compared to preoperative hematocrit values, statistically signifi cant decrease was observed in the postoperative hematocrit values in Group SF (p<0.001), Group CA (p<0.001) and Group ABS (p<0.001).
Decrease in the postoperative hematocrit values was statistically signifi cantly higher in the Group SF as compared to the Group CA and Group ABS (p<0.001). No statistically signifi cant difference was determined between the Group CA and the Group ABS (p=0.875) (Tab. 1). 
Tab. 2.Amount of bleeding in the groups.
The amount of bleeding was statistically signifi cantly higher in the Group SF as compared to the Group CA and Group ABS (p<0.001). No statistically signifi cant difference was observed between the Group CA and the Group ABS (p=0.706) (Tab. 2).
Histop athological examination
On the postoperative Day 7, all experimental animals were reopened by a mid-line incision and the lacerated liver region was removed together with a piece of intact liver tissue.
In the Ca 2+ Alginate group, it was observed that Ca 2+ Alginate fi bres remained on the incision line with massive fi brosis area around. The liver tissue out of the incision line appeared to be normal (Fig.2) . In the control group (Physiological Serum); portal area enlargement and biliary canaliculi proliferation were observed (Fig.3) . In the Ankaferd Blood Stopper group, examination of the preparations revealed patchy focal necrosis areas but no fi brotic area (Fig.4) .
Discussion
Controlling hepatic bleeding with the help of surgical techniques and devices developed in the recent years has signifi cantly reduced the morbidity and mortality in the hepatic surgery. Topical hemostatic agents used to shorten the duration of surgery may provide an advantage for the surgeon. Today, the use of topical hemostatic agents in the hepatic surgery without the standard indication has increased up to 60% in Japan (8, 9) . The structure of hemostatic material, severity of bleeding, and emergent or elective surgical approaches, as well as the preference of surgeon, play a role in the selection of these agents. Cost, ease of application, and storage properties of these agents also infl uence the selection.
The basic mechanism of action in many of the hemostatic agents is that they contact with thrombocytes and activate them and enable the release of hemostatic mediators. Some substances have subsidiary mechanisms of action. For example, fi brin preparations have adhesive cellulose and bovine collagen has plug formation effect (10) .
Ankaferd Blood Stopper (ABS) is a phytogenic topical hemostatic agent, which has become clinically available in the recent years. It provides hemostasis independent from blood coagulation factors enabling focal erythrocyte aggregation with encapsulated protein network (6) . The substances that constitute the extract have some specifi c effects on endothelium, blood cells, angiogenesis, cellular reproduction, vascular dynamics, and intercellular interaction. ABS shows its effi cacy over both fi brinogen and agglutinating proteins. Blood cells and blood proteins help ABS to provide network formation in the bleeding region (11). Kurt et al observed on clinical endoscopic implementations that ABS was effective in the gastrointestinal tract bleeding from hepaticojejunostomy, Dieulafoy lesion and solitary rectal ulcer (12, 13) . Again, in another study, Karakaya et al exhibited its hemostatic efficacy by comparing suturing material in the rat model of partial liver resection (14) . Akarsuet al found that ABS and fi brin glue have equal topical hemostatic effi cacy in the rat model of liver laceration (15) .
Alginate is a biodegradable natural polysaccharide, which is composed of a-L-glucuronic acid and P-D-mannuronic acid monomers and is derived from algae. This compound is used as a gelling and stabilizer agent in the food and drug sector. In the recent years, alginate fi bres have been largely used in manufacturing wound cover (4 2+ ion is carried into the tissue and Na+ ion is carried into the alginate fi bres. Combination of fi bres with Na+ ion results in gel formation. This property of forming wet gel shows a healing accelerating effect when used as a wound cover. Ca 2+ ion that passes into the tissue triggers coagulation by activating thrombocytes, factor VII, IX and X. Positive effect of Ca 2+ ion that passes into tissue on aggregation and coagulation has been demonstrated in the studies performed with whole blood samples (16, 17) .
In the rat model of hepatic laceration, Kinaci et al compared the hemostatic effects of Ca 2+ Alginate and standard gauze and observed that hemostatic effi cacy of Ca 2+ Alginate was superior to gauze and histopathologic examination revealed superfi cial fibrosis areas in the liver (18) . Handerson et al used Ca 2+ Alginate as hemostatic material to stop bleeding following tooth extract in children and compared the outcomes with those of standard gauze. In this study, they failed to demonstrate superiority of Ca 2+ Alginate to standard gauze in bleeding control (19) .
In the present study, considering the amount of postoperative bleeding and hematocrit values, it was observed that hemostatic effects of ABS and Ca 2+ Alginate on the liver were similar. Histopathological examination revealed massive fi brosis on the surfaces where Ca 2+ Alginate contacted with the hepatic laceration areas, normal histological appearance in the intact hepatic areas, and adhesion on the other surfaces that Ca 2+ Alginate contacted. It was observed that ABS caused focal necrosis areas on the hepatic laceration regions but no fi brosis and adhesion on the other surfaces it contacted.
In conclusion, the present study demonstrated that ABS and Ca 2+ Alginate were effective as hemostatic agents in the hepatic parenchymal bleeding and were not superior but close to each other. However, it was observed that ABS caused focal necrosis areas in the liver but Ca 2+ Alginate caused fi brosis and adhesion in the organs that it contacted. We think that, new comprehensive studies that would evaluate the long-term adverse events of these two hemostatic agents are needed.
